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Bropan Mexpyhapoanas Konmapeu.unn AJCONE/15/ v 2 4 o,
Oprannaaunn 06bepuHeHnbIX Haumi USSR :
110 NPHMEHEHNIO ATOMHOR SHEPrHH ORIGINAL: RUSSTAN

B MHPHBIX LLENAX

He noanemnt orsawondio A0 ofMumanenoro coobuenwn na Hondepeniue
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ONPEJENEHME O$EKTUBHOCTU OPIAHOB PEI'Y-
JAUPOBAHUA B LIMNMHAPHYECKCM PEAKTOPE

I'.B.Cunpotd, B.I'.CemeHoB

[locTaHOoBKa 3axauyu

B npoueccax pasorpepaiud &KTHUBHO} 30HH ptakTopa, OTpaBJIeHUA
NPOXYKTaMM XeJeHUA M BHIODaHMA AJEPHOIO TODONEro NMPOMCXOLUT H3Me-
HeH¥e peaxTHBHOCTHM CMCTeMH. Lleab® HacToAueHd DAaOOTH ABAAETCA onpege-
NeHue BPPEXTUBHOCTH KOHEYHOr0 yucja norioumavuux CTepxuell, BoexeH-
HHX JJd KOMIEeHcauud M3MEHeHMH DEaKTMBHOCTHM B AKTMBHYD 30HY pPeaxTo-
Pa KCHEYHHX pas3uMepos.

PaccuaTpuBaeT¢A UMAMHLPMYECKUR PeakIOp ¢ BHeWHMM Dajuycom R
u ucotod H ( B BesmumHax R u H  yuuTHBEeTca 9KC TPAnoJ¥pUB&H=~
HaA polaBKa). AKTHBHAA 30Ha peakToDa PACCMATPUBAETCH KAK TOMOTeH-
Haa cpela, oCnazavuad K, > I, ¢ UBBECTHHMM NOL/JOMEDLMMY M 3aMek-
AADUKMMY CBOHCTBaMU, B aKTUBHYL 30HY BBOLMTCA KoHeunoe yucao (N)
UMAMHADHYCCKRMX NOrjomapidx cTepxHel ¢ pamuycamu ©. ( i=1,2,
.,.,N ); AnMHA CTepxHe}l paBHa BHCOTE aKkTHBHOM 30HH. llocae BBexe-
HUA CTeDEHel peakTOD NpexnoJaraeTcA KpUTHUECKHM, MaTeMaTHYeCKH 3a-
Xaua 00 SPPEeKTMBHOCTH CHCTEMH M3 KOHEYHOI'O UMCJA NOTIOLAKUMX CTep:
Hell cBOJAMTCA K 3ajaye Ha onpejeieHue COOCTBEHHOrO 3HaueHus, TakuM
COOCTBEHHHM 3HAYeHHMEM MOXeT OHThb Ka,,!D, ©, u T.& B saguve Ha-
XOAMTCA Takoe coUcTBeHHOe JH&YEHHe DaccMaTpMBaeMOro mapaeerpa, Ko-
TOpoe COOTBETCTBYyeT KDMTHYHOCTH CHCTEMH. CpaBHMBad COOCTBCHHHE
SHaGYCHHMA 38KaY¥ NpPH HAAKUME CTEDEHECH ¥ 063 HUX, MOEHO ONpEeZe/uTh

3PPEeRTUBHOCTL CHCTEMH HOTAOLADHHX CTepEHeH.
25 YEAR RE-REVIEW
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JpPeRTHBHOCTD KOHCUHOTO YMCAA MOrJouulLmuX
CTEPKHCH B OLHOTDyNIOBOM pUCCMOTPE LUK

lipearionaraercs, YTO BlpaxeHue NMOTOKA HeTPOHOB yLOBAETBOpHET
CTOLMOHOPHOMY YpPuBHCHMO JMdxpy3un, lloraouwakumii cTepXeHb cUMTaeTCSH
"yepuum", T.e, HQ HEKOTODPOM IJiyOMHE OT BHEWHEM MOBEPXHOCIn CSTEPAHA
MOTOK HeMTpOHOB oCpallaeTCH B Hym,x).

BHpaxenue NOToxka HEHTPOHOB YMLOBJIETLODAET YPABHEHUD

AD + 5% =g v,

Ypasuenue /I/ ponyckaeT pa3jeseHue nepeMeHHHX. Tak Kak Haanuue
cTepxHed He MeHAeT pachpeiesieHHd HeWTPOHOB MO BHCOTE Deaxropa, Ipa
HUYHHE M KpaeBHE YCJOBMA MOXHO 3aNMCLBATL TOJIBKO IJAA pajuaibHoi
cocTaBafawues noroxa., B peakTope KOHEYHHX pPa3MepoB

2_ 2 2
R= U+ Xy 12/

rie M - XapakTepusyeT pacnpedenenke NoTOkA NO PasMyCy akTHBHOM
G
30HH, & '36:- M0 BHCOTE, NpHUYEM fae§=--<—HJ-‘-) :

Jina peaxTopa conbmux pasMepoB (K -1 <1)

a  Kg-i
% = h‘;“’,‘, /3/
2
M* _ maomaxs wurpamuu.
B aKTHBHOHK 30HE, AMeDWe} Horiouabu¥e CTeDEHM, B OOLEM clyyae
MOXHO S&NUCaTb BNDAEEHUE IJIA NMOTOKA HEfiTPOHOB B NMPOCTPAHCIBE

uexly cTepxHAMM (N0 pazuycy) B BuUJLe Cynepno3mMUMM XBYX pemeLuii:

m@r):mper ¥ muepcr ! 4l

X) Benu HorJaouapuuii cTepEeHb He ABadercd "YepHHM", TO NOTOK Ha
ero MOBEPXHOCTM NpMPABHMBAETCH HE HYylW, & SHAYEHUK NOTOKA BHYI-
DM cTepxHA. Ecau cTepEeHb Cepni", T0 HA €ro MOBePXHOCTH cTa-—
BATCH YOAOBHS: § = " 0ol . Jo,, = ACAEHO ONTH U3BeCTHO /1/

. N Q| 1 U

o g
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rue (me,- gynku4s, He Mmelowan ocoOeHhucreM M B OMHOU TOUKE ,
cpuwat' (WYHELMA, Muepuas ocoOeHHOCTM B TOYKEX, COOTBETCTBYLWMX
MoJIOXGHUAM oCelt norJowanmux cTepxHel .,

B uuaunzpuuecxot cucTeme XOOPAMHAT C HavaJoM B UEHTDE axTUBION
30He B oouweM Bujle QyHKLMU q%ww " Q%qnw MOXHLO Banucarb ¢ rnomoubo
cjaeryoumnx Bupaxeuun:

@,, B AL (uoe™® /5/

rb-

(o 0]

Q"’l !
1: -——J/ 2.-'
K m=z=-00

rue ]n u Ym - QyHxuua beccesrs N -ro ¥ M-ro nmopalxa, nepsoro
# BTOPOTO POJa COOTBETCTBEHHO; AV - DacCMaTpUBAEICA Kak napaMerp,
CcOOCTBEHHOE 3HAYEHUWEe KOTOPOro OTHCKMBAeTcA B 3ajaue; N - pajuyc-
BEKTOD TOYKKM Haonogeuua (Texymas Touka) ; 3@ - pazuyc-BeKTOD OCH
K -ro morzomepuero crepxHa; © u Wk ~ KOODAMHaTHHEe Yrau ( cM,
puc., 1); Aw '} BJ: - NOCTOAHHHE KOOPPUUMEHTH, MHEEKC K OTHO-
cuTcd B K -My cTepxmn; cymMa mo "K" pacnpocTpaHeHa Ha Bce Nor-
Joulaouue CTePXHM, YMCJI0 KOTODHX PaBHO N . C noMombb TOXKECTBEH-
HHX Npeo6pa30BaHKil MOXHO HOJNYYMTH Bupaxeaue noroxa Kax (QyHK-
UMD TOABKO V M 8 wm TOHBKO\ | u “J . llpuMeHeHue K O9THM
BHPAXCHUAM YCNOBHO, YTO HA BHEWHEM palHyce annapata Q& ED NnoTOK
odpaliaeTcA B HYJDb He3aBHCHMMO OT 3HaAYEHMA yria Q , @ 3aTeM ycnosnv

o0paeHud B HyAb IOTOKA HA MOBEDPXHOCTH K ~I0 crepmﬂﬂ(% zl_g%)
HEe3&aBUCKMMO OT 3HAUEHMA yria \DK NOJAyuMM ypaBHEHMA LA onpejelne-
mua xospgmmenzon Ay u B

3anumeM BHpaEeHMe NOTOKA Kak QYHKUMIO TOABKO " X ®

X -y Lm+v)B
D, Q) Yl e “
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070 BHDAXEHME MOAYYeNO C MOMOLBD M3BCCGTHOM TEOopeMu CJOKeHMA /Z)

N4 QYHKUMM beccead, NPUNMGHCHHOU X (YHKUMAM Yl'n(m&’-‘rzk\)etmwk
A KOODIEMHATHHX yIJ/0B ll)k u 9 y B NPEXIONOKCHHU, UTO L)1,

i TaK KaK OHO HEOOXOIMMO Jna 3amucy ycuosua npu 4 =R , 10 ipea-
noioxenue, 410 N> %, OykeT BHNONHATLCH.

K ypasuexun /7/ npumenum ycaosue: MQR,0)=0 Npu J000M 3Hus
yeuuu © . Yoria ypapHeHue /7/ CyieT NPeiCTUBMATH JMieiuyko woulu-
HALMIO (Y HKUMHA e nysiebolt mpunol YECTBO. B CuIy AMHEHHOM
He3a BUCUMOCTH (yHKLMHK e'”"g C PaghhuM SHAUEHUAMM U KOOQMUMEHT
np¥ Kaxpod yriaopoil rapMOHMKe e ‘"™  1nonked OWTb puBEH HyJO, (UK-
CUpyeM HEKOTODPYyN TAPMOHHMKY W (m,+\7=n;) TOT 4 TOMYUUMS

NG =i(n-m) B 8/
Anln(uﬂ)w_,z BmYn(MQ)ln,m(M%)e =0 . /
K m:-00
3abuxcupyeM Tenepb NpoM3BOJIbHO BHODaHHHI f -Tult crepxenr u 3a-

i xo |T-%,) ) B
NnuueM BHP&KGHHG NOoTOKA KaK (QYHKLIMD TOJBXO ~Te u e o
9TOM ciyuae

. 2, ‘2, > =\ )Y, Ve
q)(l'f’""elv‘pe)=/_4 An 2_':[“_\,(”"69)10(“/"0"% I)e e ¢
n=-00 y=-00
m .
) - imy
+2 Bmym (M\%'~’Eel)e o+

m=-Q

— ‘g")‘l K 2| me3 o o\ W9, sl o
+Z—‘ 2, Bmz_,('-'b Ym-g(}bmkeﬂb(mm"ze')e € /9/

k:P/ mz- 5=-00
JTO BHpaXxeHUe Takke MOJIYYEHO C TMOMOLBY Teopeniu _cinomeﬂvgﬂ IS QYHK=
it Beccend, NMPULEHEHREX K QYHKLMAM Ym<}l )'L -'ckl)e ”"_," .
1IN KOODIMHATHHX yraop P, u ‘-Pe npu yCJIOBUM Ty, >\’L—'Lgl
U K QYHKLMAM lm(pfo)e‘“@ 105 kKoOpMMHaTHMX yraoB ©  u Yp . Bu-
paxerue /9/ HeOOXOZUMO NI 3aIUCH yCJ_I’OBIiIfI Ha nosepxiocTH £ -To |
cTepxHA, MOITOMY OTDAHHMUCHUE "okg_ﬂ%—'&e\ OylieT BHIIOJHEHO.

K ypaBHeHUb /9/ NPHMMEHAM yCAObUe O0paumerds B HyJb HOTIOKE&

HeATDOHOB HA NMOUEPXHOCTH U -To cTeDxhf, T.8. G?(Qg, U@*-‘O,-
rne 30?, - S(weKTHBHHI . PaliuyCc CTEPKHA C yUETOM TAYOMHH OKCTpanond-
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Luuu. Tak xe kax 4 B npeXMALUEM CAyYae 9TO YCJOBME BaNMWETCH KAK JH-
Hellnaa xomOMHauua OYHKUMM © Wi . C Hynesodt npapod vacrTbp. B cuny
auketnolt HesabucumocTu dymkmul @ Ve ¢ PABHEMI BHUMEHUAMM V)
KOo3ppuumenT npu xkaxuoi yraosoft rapMoHuke € Wie cileryeT INOJOXHUTD
PaBH4M HyAD, PHKCUDYA HekoTOpyw rapuonuky ¥ (m=vV, >=v) nonyuuu

w N
n?—__; Al (Hg)y (mpe)e ML B, Y, (B@,)+
(v}

—1 m+y v(m- )Ow
0 30 B Eh Y, ()l (uppe 0. jo/
kee ™

Taxuu odpauvou sageun ceenach K ypabueHusM /8/ M /10/, llonaraa »
/8 w=0, I, 2,..., aB/I0/ N =0,£1,%2,... u OT PaHUYH~
BaACh ONpPeXeNeHHHM KOJMYECTBOM YNEHOB B pAJaX, BXOJIALMX B ypaBHeHus
/8/ ¥ /10/, noayuuM OTHOCHTEAbHO KOO(MpL LMeHTOB A,L i} B,'; cucTeMy
aare0pauyeckux JMHeHHNX OJHOPOLHHX ypaBHelut. 3ajaBad pasuepH peax—
TOpa M pasMepH U monoxeHHs cTepxHel (T.e. 3azaBas BeNUUUHH Q, s
Ve Op 1 §k?, u b“k ) MH CBOAMM 3aLayy K onpeneseHun COOCTBEHHO-
I'O SHaueHUA €AMHCTBEHHOTO HEeM3BECTHOrO NapaMerpa L. Luga cyumecr~
BOBaHUA HETPUBMENBHOTO PEWELUA CHCTeMH NMHEHHHX OJHODOLHHX ypaBHe-
HHL HEOOXOIMMO, ITOCH ee JeTePMUHAHT OHN paBeH HyAD, T.@.,

et (uy=0 1/

Pemaa ypaBuenne /II/, :mpemendeM COOCTBEHHOE SHaYCHMe M 4C001
BETCTByDINee KPUTHYMOCTU CHCTesii (LeDPBHI NMOJOEMTEJbHHH KOpeHb ypaBHe-

HUA), & Mo HalifeRHOMy W ¢ momomsn GopMyx /2/ ¥ /3/ Haxomus Koo
KPUTHYECKON CHCTEMH CO CTeDXHAMM. [IA HAXOXKEHME BPPeKTHEHOCTH CTepa
HeH HykHO cpaBHuTh 3Hauerwe b (M Ko, ) co smavennen )u,' Cunm
kéo )y COOTBETCTBYDUMM @KTHBHOH 30me Ge3 cTepxHedf. /u,' HaXOLHTCA
U3 ycnosua:

1, (W' )=0. Z

Crenyer saMeTMTh, YTG ypaBHenus /8/ ® /IC/ NOJNYYEHH € YYeTOoM
YT7I0BOH 38BUCHMOCTH INMOTOKa OT KOODAMHATHHX yrioB 0e3 KaguxX OH TO HY
OHJI0 NpeZNONOXEHU! O B3AUMHOM DACMONOXEHUHU CTepEHeHd, JTO MO3BOAfET
paccMaTpusaTh 38favyy 00 3QPexTHMBHOCTH CTeDXHef ¢ GoJbIHM pazuycou,
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G
lie Jedus OOHMHHX OrpaHHNeHMd O MAJOCTH DAIMYGa CTeDKHEM NO cpaBHe-
HMD C PACCTOHHMCM MCKLY HMMM,

JaMeTHM TaKue, UTO M3 XOMCTBUTENBHOCTH BHpamenus noroxa (D)
CACUYeT JOBMCHMOCTD MEXLY KOSYXPMLMEHTAMM C NOJOXMTEILHHMM ¥ OTDH-
LaTedbHUMI MHYOKCANM:

A =G0 i\)nA x:‘

g I35/
BX =c1yvBY

Ijge¢ X — 03HauYaeT KOMIIEKCHYD CONDAREHHOCTD.

Cayyat N  OAMHAKOBHX TNOTNONAKLUX ( feDxHel,
CUMMETPUYHO DaCNONOXCHHHNX OTHOCMTENBHO OCH
AQKTHBHOM 3OHHN

NpcacraBideT MHTEpPeC paccMOTpeTh N OQMHAKOBHX CTepxHell, pac-~
HCAGESiHHX CUMMETDHYHO BOKPYI OCH aKIMBHOX S0EH (puc. 2). Ilpu
Ud r ~ ) pend — . — k
srom Lee 0y, =", Bce O, =Q ; k—i,Q,Z),_.,N, Bm=Bm

Torjya ypaBhneuus /8/ ¥ /10/ upuMyT BUZL:

m —— .
Lo R+ 2 B Y, (W), (um)> e ™ ey, /iy
k

m=-C0

r o (K, ” MQ)E‘ " + BoY\)(}"Q}““

°o 4y

B M) ](}1@)> Y (M%B)eb(m’ Rk “€_0o 45/
4<¢D
#8 nNEPHOXMYKOCTE NOTOKE N0 yTAY © ¢ MepuoLoM 2n/N  u
U3 UHBADUAHTHOCTH 3anucK ypasHeHu# /I4/ u /I5/ OTHOCUTEABHO BHGO-
Pa QHECHDOBAHHOrO [2 -I'0 CTePXHA, TaKk KAE BCE CTEPXHH OJUHAKOBH
BT HEXOKATCH B OJUMHAKUBHX yGAUBHAX, MOXHO NMOAYYMTH, YTO BCE MHIEK-

L

_oH n, . m CHe \7, ~ MOLYT NDMHMATE TOIbEO-BRAUEHNA ; Kpamue N,
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LeMCTBATCALHUMU OYLYyT M KOIPHUUMEHTH AW " B,w y NMOJTOMY M3
ycnosua /I3/ cienyer, 4ro

A_“:('"i) Aw /:lb/
Bp=c1)" B,

Kpone TOr0 B ypaBHenuy /I4/ Z@.L(n-m)m‘z N

Torya ypaBHeHuda /I4/ u /15/ npx'fmyr BUJLS

o0
ﬂNn]Nn(”P)+ Z N: BI\lm YNn <MQ) 1N(n’-rn) (M’D‘,)"‘ 0
m=- 00

(o8}

2-_0%ﬂNn]N(n-a)()u’’~6°)]N\)(p9)+E’)N\?YNJ(MS))*'

n=-
Nm+ V)

(v
t>0 B D) 1W<Mgo)>;yNM(mke)cobN(m-o)Oka, A8/
K

mM=-00
k0

rjie MHEeKCH Yv, M X V npoderakT Bce LeJhe 3HAaYeHHME OT —C0  JO

+ Q0.
3aMeTHM, YTO €CJAM NpeHeCpeyb YrA0BOM 3aBUCHMOCTHE MOTOKA BOK-

pyr noriomapmuX CTepxHe#, TO 3ajkaya ynmpocTHTICA, [IpupaBHAB B ITOM
clyvae HyJD XeTepMHHAHT CUCTeMH ypaBHeHnuit /17/ u /I18/, nonyvyum:

1, (WR) 0 0 N1 ()Y (wR)
0 1, (MR 0 NIyGw)Y, (wR)

[ ] - [Y .

0 coe TR NIy (08 Y (W R)

Lopoligen) - 2Ll wo). . . 21 Qo) Q) Yol el Y, ()

k£e

PaznoxuB 9TOT onpejeiuTend N0 BNEeMEHTAM NOCHEeIHEH CTDOKH,
HETDYLHO MONYUUTH clelyblee BHDAXCHUE:
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1) R uR)

KD

TaKuM O0DaLOM, OPUXOLMM K PeayablIarly, IOIYUYeHHOMy B u0oTe(3).
’ ’

Oy eR THLHOCT b KOHEUHOTO UMCJQ TOTAOUaLLUX
crepxHedl B IBYXTPyNnoBOM PacCMOTDEHMH

B pAje cayuaeB JiBYXIpynnoBoe paceMOTpeHie OKa3uBaeTcAd 3HaUK-
TeNbHO Goee MPaBUIbHBM MO CPABHEHHIO C OJHOTPyNNOBLM, BO-TI€PBHX,
MOTOMY, YTO B AKIUBHOM 30HE peaKrIopa HE BCE HEWTDPOHH ABJAKNTCA Tel-
JOBHMH, BO~-BTODHX, MOTOMY, UTO ABYXI'DyIIIOBOE paccMoTpeHue IO3BO-
JAeT PACcCUMUTHBATH IPPEKTUBHOCTH MOTAOLA J0UMX CTEpKHEe# CHOXHOK CTPYK-
Typu. Tax, eciu OW M paccMaTpUBalM B IBYX Tpynnax CIUIOWHOM [MOTJO-
a ouui cwepxeﬂb, 10 ero SPYeKTUBHOCTH ompejeninach Ou TOABKO NOT-
JOWeHIeM TEIOBHX HeliTPOHOB Ha BHEWHEW IOBEPXHOCTH CTEDIHA . Lean
%¥e noriouapiuil cTepxeHb CONEPRAT BHYTPA xopoumii 3aMemauIeab, Tv
5(PEXTUBHOCTD TAKOTC CTEPXHA YBEMMUUTCA MO cpaBHEHUWL ¢ BfXpexTUB-
HOCTbI CIVIOWHOTO 38 CYET 3aMeineHud HeATDPOHOB BHYTPM CTEDRHA KO
TETIIOBHX DHEePIUH M Nnorjouenud CTABUMX TeIUIOBHMA He#TPOHOB Ha BHYT-
peHHell MOBEPXHOCTY CTEPXHA.

B IBYXDDYMMOBOM PacCMOTPeHHH YJOOHO OMUCHBATEL [ nnpo,uenewe
HCJTPOHOB MO DEakTOPy C MOMOWDbI MOTOXA NOTIOHEHAH (J 1 MOTOKA
saweLIeHna (JS , Tle

U \ ¢
3V=>c vaé’ 38':\523@ /20/

QOW " CDS - TOTOKM TETMJNOBHX ¥ OLCTPHX HefATPOHOB COOTBETCTBEHHO.

}j,c -~ ceueHne 3axBaTa TEMIOBHX pemmpoms,‘{}fs— 3aMe A nuaf

CNOCOGHOCT, \) - BEPOATHOCTH u3dexaThb peaouaac:ioro 3axBaTa.
B mu(y3uOHHO NpuOauzEenun §yHKLAM J na yILOBNET BOPALT

CHCTEMS ypaBHeHHUH:
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ag"y eyt /24/
It A \ S
TA )~ MmA =)
[a]
rae W T = xpagpat WMHE LAGY SUA U KBAAPAT IMHL BUMEL eHMs .
Ypasueummu /2l/ ¢ coorsercrsypunmy mupauerpaun Ko, | 1° u T

OMUCUBANTCA MOTOKM HEHATPOHOB KOK B MPOCTPAHCIBO MexLy crepxcmnm,
TAK W BHYTDU crepxHeil,

PaccMoTpMU MOTNOUALUME CTEPKHA B BIJE LMAKHApUYecKoit Tpyou,
CTEHKH KOTOpO# ABAANTCA "UEDHHMU' JJIA TENNIOBHX M NDPO3PauHUMUA A
OHCTDHX HEMNTDPOHOB ; BHYTPH TDyOH COJNe pXUTCA Xopoumit 3aMejnuTenb
(Hanpnmep, BOJa) .

Piv n ©oy - BHYTPeHHMI ¥ BHEWHMH DaJuycH TPyow X -ro CTEDKHA ,

Jn peakropa ¢ TAKMMM CTEPXHAMM TDAHMYEHMM U KDAEBHMM ycaosua-
M CAy#aT ycNOBUSL 0ODAUELMd B HYAb IOTOKOB TEMJNOBHX U OHCTPHX
HEATDOHOB HA BHCUIHEH I'DaHMUE peakTopa, OGPALEHUA B HYyJ1b TeIlOBLX
NMOTOKOB Ha d{PyYeKTHMBHOU I'paHulle KaxJIOTo0 CTePHHA pk’ ¥ CLUMBKY 1O~
TOKOB CLCTPHX HEH TPOHOB M WX NpPOU3BOLHHX Ha CTEHKAX TPy OH Kaxioro
CTEDPXHA,

B Tex xe k0OpIMHATAX, YTO M B NpeIHIYLe yacT, 9THM ycaosud

MOEHO 3amucaTh B BHIE:
I) Ha BuewHelf rpamuue peakTopa B KOOPIMHaTax v, ©

3T(R,0)=0, j® R@)=0

2) Ha K -0 cTepsHe B KGOpIMHATAX | - m l, U,
a) Lad TENJOBHX HeATPOHOB

T/ .
3 <§)4( ’ wk) = D 9
rie pf OnpeenAeTCcA U3 ycszioigrg{
3 s
Cx =0y &

@24:
¥\ T ) - npotecynuposannas Gysxums (4), /1/ - LIMHE NMepeHoca.,
o) InA OHCTDHX HeHTDPOHOB
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npuueM uHueKe "KCT" OTHOCUTCA K K -My CTepX¥UD; NMOTOKM K na pameT-
pu 0e3 TaKoro WHKEKca OTHOGATCA K NMPOCTDAHGTBY MEXLY CTEPEHAMIA.

Peuwense cucTeMy ypaBHeHU!t /2I/ 4ns NpPOCTPaHCTBE MExIy CTepXHA~-
Ui KaK M NpM OZHOTPYNNOBOM DaCCMOTPEHMM ABAAGTCA CYMMOK Derysnap-
HOU M Heperynﬂpuoi‘a‘ yacrel.
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I3~
U3 ncHCTBUTENLHOCTH BHDAXEHMH 1OTOKOB B YPUBHCHMAX /22/-/25/
c/lelyeT CBA3bL MeXIY KOUpHLMeHTaMHU:
A=A,
B-nuwa )
(=6,
Dl =X *
N S /52/
Ypanueuua /27/-/31/ 4BAADTCA OKOHYATENbHOM CHUCTEMOM JMHEHHHX
OLHOPOLHHX YDuBHEHUH! OTHOCHTENBHO MOCTOAHHHX KOBppuumMeHTOB. Tak

xak €' 1 %" O0XHO3HAuNO cBASAHN ¢ K o, COOTHOWEHUSMU /26/, TO
9Ty CHCTEMY MOEHO PacCMATDUBATh Kak 3aBHCALYD TOABKO OT OZHOIO
napauerpak00 . OCpuBas pajgH B ypaBHeHuax /27/-/31/ Ha HEROTODOM
YneHe M NpUPABHUBAA HYJAN ONDPEXENHTENb NMONYYEHHOR CHCTEMH ypaBHe=

HUR, HaX0IMM COGCTBEHHOE 3HAUEHME kco p COOTBEICTBYDblUEe KPUTHY=-
HOCTY pearTopa CO CTepxXHAMH,

Peryaupyomue CTepxHK B MHOTO3OHHOM
peaxrope

W3noxeHHHH BHIe MeTOJN pacueTra MoxeTr OHTH 000CWEH HAa cliyyal,
KOTJa PeakTop COCTOMT M3 HeCKOJBRMX NMAMHIPHYECKMX 30H, pasjuyan-
mMXCH CBOUMH (MBHUECKMMM CBOMCTBAMH,

PaccuMoTpuM, HampuMep, ABYX30HHHE peaKTOp B OJHOIDYNNMOBOM Npul-
AuEeHK, [IycTh BHYTPEHHAA 30HA XapaKTepU3yeICA BeAHuMpamu K uh12
U B uen pacmonoxeso N, cTpexmeit, a BHeuHAA 30Ha - Benuquuaun1<
u Nl ¢ N, crepxzned. Ecnu Hayani0 KOODAMHAT HAXOUTCA BO Buyrpeﬂ-
Helt 30He, TO @HAJOTHYHO NMpeJHAymEMy MOXHO 3anucaTh BHPaXeHUA NOTO-
KOB B 30HaX B BHYE:

W (i \?iy i@ Q"’lwl (k) - = unl,
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Kpoue ycnoBuft Ha bHemHel rpaHule peaxTopa ¥ HA MOBEPXHOCTK
Kaxz{oro CTepXHA, Ha rpaHHle 30H S CTABATCA OCLYHHE YCJAOBMAS

d).q \S=Cp2 \‘;’,
])4 Q'bOdsz‘ ’9= 1)2 qmq)z ‘3 4

rze J , ¥ D, - roopduuments mayouu,

llpencrapnds BHpaXeHUA NOTOKOB B 30HAX B K0oOpAMHATAX v, E , @
saten B koopmunatax|%-%, |, U, # \R-%, |, U, aa snyrpen-
He#t ¥ BHemHeR 30HW cooraercrneﬂno(u Hcnonab3ya rpaunuéue K KpaeBH®
yCl0BAA TaK Xe, Kax M Npexie, MOXHO MOJYYUTDH AMHEHHYD OJHODPOAHYD
cHcTeMy aareCpaMyecKuX ypaBHEHHil,

Tax xax K 1o B k2 o JQBHCAT 0T V -CpejHero umucaa HeHTpPOHOB,

BuNeTaDMHX B &KTIe JXeNeHud, TO W, U L, MOXHO CUMTATb K3BECTHOM
dynxnuest oduero mapauerpa V , COOCTBEHHOe 3HAaYeHUE XOTOPOro Ha-
XOLUTCA M3 paBEeHCTBA HYAD OnNpejenuTe]ld CUCTEMH ypaBuenuit, OTauyne

HajlJeHROr0 TakKuM 00pas3oM 3HAYEHUA vV or \70 =2,46 KacT 9fgexT
nelicTBMA CTepxHel,

beckoneuHas npabBuibHAA pemeTRA MOTNOMADIMX
cTepxuelt

PaccMOTDUM B KauecTBe Yac THOro ciydyasd OeCKOHEYHYD NpPaBUIBHYD
pelleTKy OXMHEKOBHX Noraomavumx cTepxHel (puc. 3). IOCKOALKY Bce
CTeDXHM HaAXOJATCA B OAMHAKOBHX YC/NOBUAX, IOCTATOYHO NOCTABUThH I pa-
HUYHNE YCJAOBUA TOABKO JAR U =T0 CTEPXHA ,

BupazeHue LIS MOTOKA B ONHOPDYNNOBOM NDMOAMECHMM BORXSK U -rIo0
crepmna T4 -1 0 , The 00 - war pemeTkM cTepzHel) B KOOpIMHa-
tax 19-%g|, (), (cu. eupazerue /9/ ) samucwsaeTcs B 2ije:
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Eciu HAuan0 KOODAMHAT MOMECTHTH B LEHTP P -ro CTEDKHA, TO
npu BHOODE HanpaBieHuA OTCYeTa YriOB, yKa3aHHOM Ha DUC. 3, CJenaB
3aMEHY

A= Y (W%, )eh(m“")b"“,

TOJLY YMM?

D y,)= [:An]w(wo)% Y, (W *o)]e"we , 134/

n~ -0

npuued tV  KpaTko 6, 4 -uau 3 LNA rexcaroHaabHoii, KBaipaTHOR K
TPeyYToJbHO!l peueTOK COOTBETCTBEHHO, M Kn, 1 Bn, ABJIANICA Lelic TBY=-
TeJBHEMU, { OTOMYy BHDAXeHUD NMOTOKE NpPUMEHMUM ycnoaueflﬁp,we)==0,

a8 BMECTO yCIOBKA Ha BHEWHe# rpaHule, Kak OWIO B KOHEUYHOM peaxrope,
MCNONb3yeM YC/HO0BME pPaBeHCTBE HY/JD NMPOMBBOJLHOE OT NMOTOKA [0 HODMaIH
H& I'DaHulie SKBUBAAEHTHOM Aueliky pelieTKM CTepEHeH.

Haudonee npocTo MOEXHO NMPUOIMKEHHO yuecTh QopMy SKBHBaJAEHTHON
Avellxu, ecay OrpaHMUYHTLCA B /34/ HyJIeBHM M NeDBHM YJEeHaMy pa3ioxe-
HUA, TpH 9TOM HE TpaHUlle SKBUBANEHTHON! AYeliKM ycaoBUE paBeHCTBA
HY/AD MPOM3BOJHON yZOOHO 3a8MEHMTDh YCJOSUEM DABEHCTBA HYJAH NPOM3BOJ-
HO# MOTOKa B XBYX TOykax (cM. puc. 3), B KOTOPHX MOXHO MCIONB30BATh
Qu3KyecKue ycnOBUA CHUMMETDMM. Hampurep, IJNA IeKcaroHalbHOR peweTKM

970 OYIYT YCAOBUA:
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AR@IOTHYHNE yDuBHEHUA MOJYYANTCA XA LPyTHX BULOB NDPABUJI bHEX
peleTox,

YpaBHenus /35/ nossonapr HaliTH cOGCTBEHHOE 3HAYeHue CHCTEMH,

Duwe Owia u3noxena KEeToLMIa pucyeTa i )BKTHBHOCTHU norJiowua omux
CTepxHel B aKTHBHOIl 30He peaxTopa ¢ 1<OO>i. OHa nosBoJseT Takze

PaccuaTpubarTh pasmHoxaiye CTEPXHM B HEMYJi BTUIIU LU DY e jj cpejiie ¥ B
cpele ¢ kméi. Huxkaxoii NPUHLIMOMANBHO! pasHULM B JTOM pacecMoTpe-
HUM He OymeT. OTamyue OyZeT 3aka0yaThCA Auwp B TOH, YTO B ]eweHuy
YPaBHeHUA 1uQwysuu He00X0IUMO Oyjier WyHKUMH becceas ReHCTBUTe) BHO—
T'O apryxeHTa 3aMeHUTH DYHKLMAMYE Beccens MHUMOTO apryMeHTa B coNT—
BETCTBUN C JLeiiCTBUTENBHOC T WM MHUMOCTBO BesMUUH

y onpege-
AeHHHX 1m0 Qopuynam /3/ unp /26/,

PeayabraTh HexoTOpux pacyeros

——————-J10-U BT OXe HHOI MEeTOoIMEe Onaa paccuytrana opeK THBHOC T noraouap-
- UMX cTepxHeli B DeaxkTOpe ¢ BOILAHHM 3aMeLIuTeNeM BHEWHUM Daiiycom
: o0 cM ¥ BHCOTOR 266 cM, AxTumzas ‘80Ea XapaKIEDH3YETCA BenuuuHany

=T oH T 26,9 o,
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lloraouawuue crepkuu (TPyOW M3 GopucTOM CTailu, colopxuume bBHYT~-
DU BOLY) XQPaKTEPUBYWTCH CAeny DUMMH POSMCDaMU?

94 = 7,0(‘ cu {Ozﬁ 7’50 CM

JPIEKTUBHOCTD PCTYJMPYIOWUX OPralion

METON PACCMOT- | JireXTHBHOCTH i{osxpume T MHTED-
peuua CHCTeNH CTep¥- | (epeHiuu
Heh AKg

OLHOT Py NIOBOIL 0,0094 I,3
JBy XT pynionolt 0,0066 1,3
onnorpymiosol 0,0300 1,3
-" - 0,0314 0,9
-" - 0,022 1,9
- " - (,03€4 1,4
- " - ¢,0005 1,8
-" . 05,0386 I
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C 00 O
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5 TaOJHUe JAHM YEeKTHLHOCTH CTepkHel, a Ha puc. 4-I10 npusere-
HH PACCYUTAHHHE HEHT]OHHHE T0AA i DUSHHX CXEM DUCIIOJOXEeHUA Nor-
TOUONUMX CTepxHell B peanTope. JTH CXeMW yKa3aHH Ha pUC. £,3. Hpi-
BLIe HODMUDOBaHH TaK, YTOOH MOJHOE YHCIO HE!TPOHOB B DeiKTODE CO
CTEDXHAMU U Oe3 CTepxHel OWJ0 OLHO M TO XC,

Pacnpepenenue e iTPOHHOTO NOTOKA MO paiuMycy PEaKIopa NaHO MO
IBYM Haubonee XapakTepPHHM Hanpasiehuam "I" u "2", KoTopwe yKasaHH
Ha Kaxjoli DUCYHKe, 1A CpaBleHUA NyHKTUDHOM NuHMEeH! OoTMeuenHO pac-
npeejeHne HeHTPOHOB B peakTope 03 CTepPXHEM.

Ha puc. 4 npusBozATCA pPe3yJbTAaTH OJHOTPYNNOBOI0 M JBYXI DPyIl1OBO-
r0 pAacCMOTDeHUA CHCTEMH Y3 JIbyX noriollabuux cTepxned. (I - ocxya
rpynna; II - TemnoBHe HEHTDPOHM, IBe IpynnH; Ul - OuCTpHE HCHTDOHH,
IB€ IpynnH), JTOT cJayuai OWJ PaCCMOTPEH NpU pasiuuHOi cTeneHH yye-
ta (pasnuUyHOe uMCAO TAPMOHMK) YTJO0BOIl 3@BHCUMOCTM HEHTDOHHOTO JO=-
TOKA BOKDYD CTepxHe#. PacueTH IOKa3&Al, YTO YUET 3aBUCHiOCTH Mnosid
OT yrJaa BOKDYI cTepxHelf NpUBOLU, K U3MEHEHUD 2(JeKTUBHOCTY :eHbIe
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yeM Ha I%. PesynbraTi pacuera No OJHOM M JABYM Ipynna noxa3NBapT,
uro JJaf :roucmx(gz?a'f) noriomanuux crepxHedt, Colepxamux BOLY ,
9fppe K TUBHOCTDL, PACCUMTAHHAA MO LBYM IpynnaM, MOXeT ONTH OJHOIO
nopanKe ¢ BeKTUBHUCTLI, PaccuMTauHOM Mo oxHO} rpynme. TakuM odpa -
30M JIJA TAKUX CTepKHed MOXHO JeJaTh npelbBapUTENbHHE OLEHKH MO
Goree npocTol ONHOrPYNMOBOMA METOXUKe, lleATPOHHHE NMOTOKM, DACCUUTBH
HNe I10 OJHOMX M XBYM I'DynmaM, CHJBHO PasauyanTcd TOABKO BONU3H
crepxuell (puc, 4).

Ha puc. 5-I0 naHu pe3yibraTu pacuera mojell B 0JLHOTDyNNOBOM pace
cMoTpenuu. HecMoTpa Ha TO, YTO mMOTJoUABWIE CTEDXHM ZOBOABHO TOJIC-
'rue(-g ~  0,05), yueT 3aBMCHMOGTM MOJA OT yIia BOKDYr cTepxHeH
BO BCeX pacCMOTPeHHHX CJyuyanX NpU CHMMETDMUHOM DAclONONEHMM CTepR-
Hefl M3MeHAN BS(peKTHBHOCTH MEHble uyeM Ha I%.

Koaduuuenr unrteppepeHumu crepxneld, onpelensemuil xax

AKm(!,Q,...,N)

?-; AKooi.
MOXeT CYWECTBEHHO OTAIMYATHCA OT eIUHKULH . OTCIO,II& BO3HUKAET HE0OX0-
JUMOCTD peleHud MOJNHOU 3ajayy oo BQXI)GKTMBHOCTH HECKOJ BKUX CTGPKHEB,,

He OT PAHMUYMBAACH OQUEHKOM OPPEKTUBHOCTH OLHOTO CTEDEHA.

Ha puc. 4-I0 BumnO, YTO Haauyke Moriomanuux cTEpxHell B aKTUB-
HOHl 3BOHe CHMIBHO McKaxaeT GopuMy HeHTPOHHOrO MOTOKA. JTO BAXHO 3HarI5h,
YT00H NPaBUIBHO YUHTHBATH HEPaBHOMEDHOCTH INOJA TENJOBHIEAEHUA B
peakToOpeE.,

OLexKa BeNUYUHN 30YeKTHBHOCTH CTeDXHeH’ Hu MCKaxeHu, KoTopue
OHH BHOGAT B pacnpejmeleHUE NOTOKA HeiTPOHOB, IO3BONHET ZEJATH
PEROMEHNALMN 10 BHOOPYy CHCTEMH DeryaupoBaHud, npopuIupoBarns pacs
XOJa BOJH B 8KTWBHOA 30HE U T.I,
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Puc Qﬁo
A - UeHTD axTUBHOY 30HH; B - och K -ro cTepxHiA; C - TOyxa HAGAD-
eua; O - :
IeHHA; HaYa10 orcyera yriaos @ L8 Yo 5 fi - yron oz
BHIGJNEHHOro Hampasnesuds (O 20 L, . ®.p=~ YTOd OT BHIEJIEHHOTO
-~ 4 yi Ke

Hanpasaemua () A0 HampasleHUd OT ¢ -ro crepxns Ha ‘k -Thk
Yrau X‘k " 0& — HNOCTOAHHHE, OHM 3&BUCAT TOJNBKO OT PACHON0XEHUA
CTepxHeH . -

Yrau orcuyTuBaprea or () mpoTHB uacomoit CTPeJEH, 'zke- pac—
CTOAHME MexLy cTepxHamu [ u 4
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